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capturing method of carbon dioxide, comprising the fol- oxide in the air can be efficiently absorbed, too high
lowing steps: (1) an absorption stage: absorbing and regeneration energy consumption is not needed, the cost
capturing carbon dioxide in the air by means of an ad- is low, and the process is simple and easy to operate.

sorbent till saturation; (2) a desorption and regeneration
stage: in a high-vacuum state, heating the adsorbent to
105-110°C, desorbing and regenerating the adsorbent,
and releasing pure carbon dioxide gas; and (3) a cooling
stage: cooling the adsorbent to the room temperature by - ; "y
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pared by means of a method comprising the following
steps: mixing pulverized coal with a potassium carbonate
solution, and performing activation treatment to generate FIG. 1
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Description
CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to Chinese Pa-
tent Application No. 202210710400.6, titled "DIRECT
AIR CAPTURING METHOD OF CARBON DIOXIDE",
filed with the China National Intellectual Property Admin-
istration on June 22, 2022, the entire content of which is
incorporated herein by reference.

FIELD

[0002] The present application relates to the technical
field of carbon capture, and more particularly to a direct
air capture method of carbon dioxide.

BACKGROUND

[0003] At present, a concentration of carbon dioxide in
the atmosphere has exceeded 417 ppm, and carbon
dioxide emissions are increasing year by year. As a main
component of greenhouse gases, the increase in CO,
emissions exacerbates global warming, thus accelerat-
ing the melting of a large amount of glacier, increasing
sea level, and causing adverse changes in the ecological
environment. Therefore, it is increasingly important to
delay global warming by carbon neutralization technol-
ogies such as CO, emission reduction. Chinaannounced
to the world the goal of achieving "peak carbon dioxide
emissions" in 2030 and "carbon neutrality" in 2060 at the
United Nations General Assembly in September 2020.

[0004] A carbon capture, utilization and storage
(CCUS) technology is considered to be a most economic-
al and feasible method to reduce greenhouse gas emis-
sions and slow down globalwarming. As adeep emission
reduction technology, the CCUS technology is relatively
effective and may save transportation costs by directly
capturing industrial fixed emission sources, such as
thermal power, steel, cement, chemical industry and
the like. However, the energy consumption of carbon
capture technology varies greatly due to differences in
carbon dioxide concentration and capture modes of dif-
ferentemission sources. At present, main carbon capture
technologies are divided into a pre-combustion capture,
an oxygen-enriched combustion capture and a post-
combustion capture. In the pre-combustion capture, car-
bon-containing components in fuel are converted into
water gas, and then carbon dioxide is separated there-
from, which is mostly used for integrated coal gasification
combined cycle power stations. In the oxygen-enriched
combustion capture, pure oxygen is separated from the
air and passed into a combustion system, and is supple-
mented by a flue gas circulation, and the carbon dioxide
captured by this technology is high in purity, but a total
system investment is relatively high. In the post-combus-
tion capture, carbon dioxide is separated from flue gas,
which is relatively high in energy consumption. In addi-
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tion, the above-mentioned carbon dioxide capture meth-
ods are all centralized capture technologies for CO,
emissions from industrial centralized sources. However,
in fact, about 30 to 50% of global CO, per year comes
from distributed emission sources, such as transporta-
tion industry, residential building thermal energy, and
small factories, etc.

[0005] A direct air capture (DAC) carbon dioxide tech-
nology is an important CCUS technology and is an indis-
pensable negative emission technology, which is differ-
ent from a conventional carbon dioxide capture technol-
ogy. A DAC process may be used as an effective com-
pensation for a centralized capture technology. This
technology may remove CO, from ambient air, thus
effectively reducing the amount of carbon dioxide in
the air. The DAC process generally consists of an air
capture module, an absorbent or adsorbent regeneration
module, and a CO, storage module. In the air capture
module, CO, in the airis mostly captured by devices such
as an induced draft fan at first, and then CO, is absorbed
by solid absorption materials or liquid absorption materi-
als. The absorbent or adsorbent regeneration module is
mainly used for regenerating materials by high tempera-
ture desorption and other methods. The CO, storage
module is mainly used for feeding collected CO, into a
storage tank for storage via a compressor. The DAC
process may capture "decentralized" emission sources,
such as compact fossil fuel combustion devices and
vehicles. More importantly, it may maintain and truly
reduce the concentration of carbon dioxide in the atmo-
sphere. Therefore, the DAC process, as a bottoming
technology to achieve the goal of "double carbon”, di-
rectly removes carbon dioxide from the air and performs
permanent conversion and storage. The development of
its technology is particularly important. At present, an
international direct air carbon capture process mainly
adopts an alkaline solution and an amine adsorbent.
However, an existing alkaline solution is relatively high
in energy consumption in the regeneration process,
which is not conducive to engineering utilization. An
existing amine adsorbent has a relatively low adsorption
capacity, small overall treatment capacity and poor sta-
bility in a process of absorption-regeneration cycle in
engineering.

SUMMARY

[0006] The presentapplication aimsto solve, atleastto
a certain extent, one of the technical problems in the
related art. Therefore, an embodiment of the present
application provides a direct air capture method of carbon
dioxide. The method includes following steps:

(1) an absorption stage: absorbing and capturing
carbon dioxide in air by an adsorbent until it is satu-
rated;

(2) a desorption and regeneration stage: heating the
adsorbent to 105 to 110°C in a high vacuum state to
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desorb and regenerate the adsorbent and release
pure carbon dioxide gas; and

(3) a cooling stage: cooling the adsorbent to a room
temperature by using the air, and then performing a
next absorption-desorption and regeneration cycle.

[0007] The adsorbentis prepared by a method includ-
ing following steps: mixing pulverized coal with a potas-
sium carbonate solution, followed by an activation treat-
ment to generate a porous carbon material; mixing the
porous carbon material with carbon nanotubes and an
ionic liquid, followed by a carbonization treatment to
obtain the adsorbent.

[0008] According to the direct air capture method of
carbon dioxide provided in the embodiment of the pre-
sent application, the carbon dioxide in the airis absorbed
and captured by a carbon dioxide adsorbent until it is
saturated. Then, the adsorbent is desorbed and regen-
erated in the high vacuum state, thus releasing the pure
carbon dioxide gas. Finally, the adsorbent is cooled by
using the air, so that it is convenient for the next absorp-
tion-desorption and regeneration cycle. The method has
advantages of a simple process, low energy consump-
tion and a low cost. On the other hand, in the embodiment
of the present application, the pulverized coal is mixed
with the potassium carbonate solution, followed by the
activation treatment to prepare the porous carbon mate-
rial. The porous carbon material is evenly mixed with the
carbon nanotubes and the ionic liquid, followed by the
carbonization treatment to prepare the adsorbent. In this
preparation method, the pulverized coal is used as a
carbon source. The carbon source has wide adaptability
and a low cost. Moreover, the preparation method has a
simple process and is easy to operate. A prepared ab-
sorbent has a better absorption effect on carbon dioxide.
[0009] Insomeembodiments,instep (2),the heatingis
performed by a Joule effect caused by current.

[0010] Insomeembodiments,instep (2), a pressurein
the high vacuum state is 1.33x10-1 to 1.33%x10-6 Pa.
[0011] In some embodiments, in step (1), the carbon
dioxide in the air is absorbed by the adsorbent at a
temperature of 20 to 30°C and a pressure of 1 to
1.5atm (1 to 1.5 standard atmospheres).

[0012] Insome embodiments, instep (1), a flow rate of
the air is 10,000 to 12,000 m3/h.

[0013] In some embodiments, in the method for pre-
paring the adsorbent, a mesh number of the pulverized
coal is 60 to 80 mesh. A mass fraction of the potassium
carbonate solution is 5 to 8 wt.%. A mass ratio of the
pulverized coal to the potassium carbonate solution is
1:25 to 1:30. A stirring and mixing time is 12 to 24h.
[0014] In some embodiments, in the method for pre-
paring the adsorbent, the activation treatment is per-
formed at a temperature of 400 to 600°C, preferably
400°C for an activation time of 3 to 5h, preferably 3h.
The activation treatment is performed under protection of
an inert gas (such as argon).

[0015] In some embodiments, in the method for pre-
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paring the adsorbent, cations in the ionic liquid are one or
a combination of two or more of: quaternary ammonium
salt ions, quaternary phosphonium salt ions, imidazole
ions, pyridine ions, pyrrole ions and piperidine ions.
Anions in the ionic liquid are one or a combination of
two or more of: chloride ions ([CI]"), bromide ions ([Br]),
tetrafluoroborate ions ([BF 4]), hexafluorophosphate ions
([BFgI"), chloroaluminate ions ([AICI5]-) and bis(perfluor-
omethylsulfonyl)imide ions ([Tf,N]).

[0016] In some embodiments, in the method for pre-
paring the adsorbent, a mass ratio of the porous carbon
material to the carbon nanotubes is (1 to 3): (2 to 8). A
concentration of the ionic liquid is 10 to 15mmol/L. A
mass-volume ratio of the porous carbon material to the
ionic liquid is (6 to 10) g: (100 to 150) ml.

[0017] In some embodiments, in the method for pre-
paring the adsorbent, the carbonization treatment is per-
formed at a temperature of 400 to 600°C, preferably
400°C for a carbonization time of 6 to 12h, preferably 6
to 8h. The carbonization treatment is performed under
protection of an inert gas (such as argon).

[0018] Advantages and beneficial effects of the pre-
sent application are as follows:

(1) According to the direct air capture method of
carbon dioxide provided in the embodiments of the
present application, the carbon dioxide in the air is
directly absorbed and captured by the carbon diox-
ide adsorbent. Then, the adsorbent is desorbed and
regenerated in the high vacuum state. Finally, the
adsorbent is cooled by using the air to perform the
next absorption-desorption and regeneration cycle.
The capture method has a simple process, and an
adopted absorbent has a better absorption effect on
carbon dioxide. In addition, the process does not
need excessive regeneration energy consumption,
which may save energy and has a low cost.

(2) According to the direct air capture method of
carbon dioxide provided in the embodiments of the
present application, the pulverized coal is mixed with
the potassium carbonate solution, followed by the
activation treatment to prepare the porous carbon
material. The porous carbon material is evenly mixed
with the carbon nanotubes and the ionic liquid, fol-
lowed by the carbonization treatment to prepare the
adsorbent. In this preparation method, the pulver-
ized coal is used as the carbon source, raw materials
are wide in source and low in cost. Moreover, the
preparation method has a simple process and is
easy to operate, and the prepared absorbent has
a better absorption effect on carbon dioxide.

BRIEF DESCRIPTION OF THE DRAWINGS
[0019]

FIG. 1is a schematic diagram of an absorption stage
in a normal operating state.
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FIG. 2is a schematic diagram of an absorption stage
in an end state.

FIG. 3 is a schematic diagram of a desorption and
regeneration stage in a desorption state under heat-
ing in vacuum.

FIG. 4 is a schematic diagram of a cooling stage in a
normal operating state.

DETAILED DESCRIPTION

[0020] Embodiments of the present application are
described in detail below. The embodiments are illu-
strated and are intended to explain the present applica-
tion and cannot be construed as limiting the present
application.

[0021] An embodiment of the present application pro-
vides a direct air capture method of carbon dioxide. The
method includes following steps:

(1)anabsorption stage: airis blowninto an air carbon
capture/regeneration module by a blower. Carbon
dioxide gas in the air is absorbed by an adsorbent,
and the rest of the gas is directly discharged. After
the absorption of the adsorbent is saturated, the
blower stops operation, air is not fed to the air carbon
capture/regeneration module, then the air carbon
capture/regeneration module is vacuumized in a
short period of time, and the air remaining in the
air carbon capture/regeneration module is pumped
out to be ready to enter a regeneration stage.

(2) a desorption and regeneration stage: the air
carbon capture/regeneration module is in a high
vacuum state after a vacuumizing step at the end
of the previous absorption stage. In the high vacuum
state, the adsorbent is heated to 105 to 110°C, so
thatthe adsorbentis desorbed and regenerated, and
pure carbon dioxide gas is desorbed and transported
to a gas cylinder via a vacuum pump. The carbon
dioxide gas stored in the gas cylinder may be used
for greenhouse gas fertilizers or fuels synthesis.
(3) a cooling stage: after the end of the regeneration
stage, an air inlet valve of the air carbon capture/-
regeneration module is opened, and air enters the
module again, so that the adsorbent is cooled to a
room temperature, and a pressure is restore to an
initial state. A carbon dioxide absorption stage may
be started again, and a new absorption-desorption
and regeneration cycle may be started. In this pro-
cess, the air is used as a cooling medium to cool the
adsorbent, and no additional cooling medium is
needed, which may save costs, and at the same
time, a process of re-introducing air for a new carbon
dioxide absorption stage is omitted, thus saving time.

[0022] The adsorbentis prepared by a method includ-
ing following steps: mixing pulverized coal with a potas-
sium carbonate solution, followed by an activation treat-
ment to generate a porous carbon material; mixing the
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porous carbon material with carbon nanotubes and an
ionic liquid, followed by a carbonization treatment to
obtain the adsorbent.

[0023] According to the direct air capture method of
carbon dioxide provided in the embodiment of the pre-
sent application, the carbon dioxide in the air is absorbed
and captured by a carbon dioxide adsorbent until it is
saturated. Then, the adsorbent is desorbed and regen-
erated in the high vacuum state, thus releasing the pure
carbon dioxide gas. Finally, the adsorbent is cooled by
using the air, so that it is convenient for the next absorp-
tion-desorption and regeneration cycle. The method has
advantages of a simple process, low energy consump-
tion and alow cost. On the other hand, in the embodiment
of the present application, the pulverized coal is mixed
with the potassium carbonate solution, followed by the
activation treatment to prepare the porous carbon mate-
rial. The porous carbon material is evenly mixed with the
carbon nanotubes and the ionic liquid, followed by the
carbonization treatment to prepare the adsorbent. In this
preparation method, the pulverized coal is used as a
carbon source. The carbon source has wide adaptability
and a low cost. Moreover, the preparation method has a
simple process and is easy to operate. A prepared ab-
sorbent has a better absorption effect on carbon dioxide.
[0024] Insomeembodiments,instep (2), the heating is
performed by a Joule effect caused by current.

[0025] Insome embodiments, in step (2), a pressurein
the high vacuum state is 1.33x 10" to 1.33x10-6 Pa, for
example, it may be 1.33x10-'Pa, 1.33x10-2Pa,
1.33%10-3Pa, 1x10-3Pa, 1.33x10“4Pa, 1x105Pa,
1Xx10-6Pa, 1.33x10-6Pa, etc.

[0026] In some embodiments, in step (1), the carbon
dioxide in the air is absorbed by the adsorbent at a
temperature of 20 to 30°C and a pressure of 1 to
1.5atm (1 to 1.5 standard atmospheres).

[0027] Insome embodiments, in step (1), a flow rate of
the air is 10,000 to 12,000 m3/h, for example, it may be
10,000 m3/h, 10,500 m3/h, 11,000 m3/h, 11,800 m3/h,
12,000 m3/h, etc.

[0028] In some embodiments, in the method for pre-
paring the adsorbent, a mesh number of the pulverized
coal is 60 to 80 mesh, for example, it may be 60 mesh, 65
mesh, 70 mesh, 75 mesh, 80 mesh, etc. A mass fraction
of the potassium carbonate solution is 5 to 8 wt.%, for
example, it may be 5wt.%, 6wt.%, 6.5wt.%, 7wt.%, 8
wt.%, etc. A mass ratio of the pulverized coal to the
potassium carbonate solution is 1:25 to 1:30, for exam-
ple, it may be 1:25, 1:26, 1:27, 1:28, 1:30, etc. A stirring
and mixing time is 12 to 24h, for example, it may be 12h,
15h, 18h, 20h, 22h, 24h, etc.

[0029] In some embodiments, in the method for pre-
paring the adsorbent, the activation treatment is per-
formed at a temperature of 400 to 600°C, such as
400°C, 500°C, 550°C, 600°C for an activation time of 3
to 5h, such as 3h, 3.5h, 4h, 5h, etc. The activation treat-
ment is performed under protection of an inert gas (such
as argon).
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[0030] Preferably, the activation treatment is per-
formed at a temperature of 400°C for an activation time
of 3h.

[0031] In some embodiments, in the method for pre-
paring the adsorbent, cations in the ionic liquid are one or
a combination of two or more of: quaternary ammonium
salt ions, quaternary phosphonium salt ions, imidazole
ions, pyridine ions, pyrrole ions and piperidine ions.
Anions in the ionic liquid are one or a combination of
two or more of: chloride ions ([CI]-), bromide ions ([Br]"),
tetrafluoroborate ions ([BF 4]°), hexafluorophosphate ions
([BFgl"), chloroaluminate ions ([AICI5]") and bis(perfluor-
omethylsulfonyl)imide ions ([TfoN]).

[0032] In some embodiments, in the method for pre-
paring the adsorbent, a mass ratio of the porous carbon
material to the carbon nanotubes is (1 to 3): (2 to 8), for
example, it may be 1:2, 1:4, 1:7, 2:5, 3:8, etc.

[0033] In some embodiments, in the method for pre-
paring the adsorbent, a concentration of the ionic liquid is
10 to 15mmol/L, for example, it may be 10mmoliL,
11mmol/L, 12mmol/L, 12.5mmol/L, 13mmol/L,
14mmol/L, 14.2mmol/L, 15mmol/L, etc.

[0034] In some embodiments, a mass-volume ratio of
the porous carbon material to the ionic liquid is (6 to 10) g:
(100 to 150) ml, for example, it may be 6g:100ml,
69:120ml, 7g:100ml, 7g:150ml, 7.5g:150ml, 8g:130ml,
9g:140ml, 10g:150m, etc.

[0035] In some embodiments, in the method for pre-
paring the adsorbent, the carbonization treatment is per-
formed at a temperature of 400 to 600°C, such as 400°C,
500°C, 550°C, 600°C for a carbonization time of 6 to 12h,
such as 6h, 6.5h, 7h, 8h, 9h, 9.5h, 10h, 11h, 12h, etc. The
carbonization treatment is performed under protection of
an inert gas (such as argon).

[0036] Preferably, the carbonization treatment is per-
formed atatemperature of 400°C for a carbonization time
of 6 to 8h, such as 6h, 6.5h, 7h, 8h, etc.

[0037] The direct air capture method of carbon dioxide
provided in the present application will be described in
further detail below taken in conjunction with specific
examples.

Example 1

[0038] On the one hand, this example provides an
adsorbent. The adsorbent is prepared by a method in-
cluding following steps.

[0039] In S1, 10g of dry pulverized coal was evenly
dispersed in 250ml of 5wt.% potassium carbonate solu-
tion, stirred and mixed for 24h to obtain a mixed solution.
Then, the mixed solution was placed in a tube furnace,
heated to 400°C under protection of an argon atmo-
sphere, and activated for 3h to obtain a porous carbon
material.

[0040] In S2, 6g of the porous carbon material pre-
pared in the above step S1 was weighed, evenly mixed
with 12g of carbon nanotubes and 100ml of 10mmol/L
amino-azole-based dual functionalized ionic liquid ([DE-
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TAH][Im]), and then carbonized at 400°C for 6h in an
argon atmosphere to prepare the adsorbent.

[0041] The adsorbent prepared above was used to
absorb carbon dioxide.

[0042] On the other hand, this example further pro-
vides a direct air capture method of carbon dioxide,
including following steps.

(1)an absorption stage: airis blown into an air carbon
capture/regeneration module by a blower. Carbon
dioxide gas in the air is absorbed by the above-
mentioned adsorbent, and the rest of the gas is
directly discharged. After the absorption of the ad-
sorbent is saturated, the blower stops operation, air
is not fed to the air carbon capture/regeneration
module, then the air carbon capture/regeneration
module is vacuumized in a short period of time,
and the air remaining in the air carbon capture/re-
generation module is pumped out to be ready to
enter a regeneration stage.

(2) a desorption and regeneration stage: the air
carbon capture/regeneration module is in a high
vacuum state after a vacuumizing step at the end
of the previous absorption stage. In the high vacuum
state (10-5Pa of pressure), the adsorbentis heated to
105 to 110°C by using a Joule effect of current, so
that the desorption and regeneration of the adsor-
bent is accelerated, and pure carbon dioxide gas is
desorbed and transported to a gas cylinder via a
vacuum pump. The carbon dioxide gas stored in the
gas cylinder may be used for greenhouse gas ferti-
lizers or fuel synthesis.

(3) a cooling stage: after the end of the regeneration
stage, an air inlet valve of the air carbon capture/-
regeneration module is opened, and air enters the
module again, so that the adsorbent is cooled to a
room temperature, and a pressure is restore to an
initial state. A carbon dioxide absorption stage may
be started again, and a new absorption-desorption
and regeneration cycle may be started.

[0043] The adsorbent in this example may achieve a
high absorption load of 3.2mmol/g of carbon dioxide in a
state of normal temperature and one atmospheric pres-
sure, and has a better absorption effect.

Example 2

[0044] On the one hand, this example provides an
adsorbent. The adsorbent is prepared by a method in-
cluding following steps.

[0045] In S1, 10g of dry pulverized coal was evenly
dispersed in 250ml of 5wt.% potassium carbonate solu-
tion, stirred and mixed for 24h to obtain a mixed solution.
Then, the mixed solution was placed in a tube furnace,
heated to 400°C under protection of an argon atmo-
sphere, and activated for 3h to obtain a porous carbon
material.



9 EP 4 545 168 A1 10

[0046] In S2, 6g of the porous carbon material pre-
pared in the above step S1 was weighed, evenly mixed
with 12g of carbon nanotubes and 100ml of 15mmol/L
amino-azole-based dual functionalized ionic liquid ([DE-
TAH][Im]), and then carbonized at 400°C for 6h in an
argon atmosphere to prepare the adsorbent.

[0047] The adsorbent prepared above was used to
absorb carbon dioxide.

[0048] On the other hand, this example further pro-
vides a direct air capture method of carbon dioxide,
including following steps.

(1)anabsorption stage: airis blowninto an air carbon
capture/regeneration module by a blower. Carbon
dioxide gas in the air is absorbed by the above-
mentioned adsorbent, and the rest of the gas is
directly discharged. After the absorption of the ad-
sorbent is saturated, the blower stops operation, air
is not fed to the air carbon capture/regeneration
module, then the air carbon capture/regeneration
module is vacuumized in a short period of time,
and the air remaining in the air carbon capture/re-
generation module is pumped out to be ready to
enter a regeneration stage.

(2) a desorption and regeneration stage: the air
carbon capture/regeneration module is in a high
vacuum state after a vacuumizing step at the end
of the previous absorption stage. In the high vacuum
state (10-5Pa of pressure), the adsorbent is heated to
105 to 110°C by using a Joule effect of current, so
that the desorption and regeneration of the adsor-
bent is accelerated, and pure carbon dioxide gas is
desorbed and transported to a gas cylinder via a
vacuum pump. The carbon dioxide gas stored in the
gas cylinder may be used for greenhouse gas ferti-
lizers or fuel synthesis.

(3) a cooling stage: after the end of the regeneration
stage, an air inlet valve of the air carbon capture/-
regeneration module is opened, and air enters the
module again, so that the adsorbent is cooled to a
room temperature, and a pressure is restore to an
initial state. A carbon dioxide absorption stage may
be started again, and a new absorption-desorption
and regeneration cycle may be started.

[0049] The adsorbent in this example may achieve a
high absorption load of 3.5mmol/g of carbon dioxide in a
state of normal temperature and one atmospheric pres-
sure, and has a better absorption effect.

Example 3

[0050] On the one hand, this example provides an
adsorbent. The adsorbent is prepared by a method in-
cluding following steps.

[0051] In S1, 10g of dry pulverized coal was evenly
dispersed in 250ml of 5wt.% potassium carbonate solu-
tion, stirred and mixed for 24h to obtain a mixed solution.
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Then, the mixed solution was placed in a tube furnace,
heated to 400°C under protection of an argon atmo-
sphere, and activated for 3h to obtain a porous carbon
material.

[0052] In S2, 7g of the porous carbon material pre-
pared in the above step S1 was weighed, evenly mixed
with 12g of carbon nanotubes and 150ml of 15mmol/L
amino-azole-based dual functionalized ionic liquid ([DE-
TAH][Im]), and then carbonized at 400°C for 6h in an
argon atmosphere to prepare the adsorbent.

[0053] The adsorbent prepared above was used to
absorb carbon dioxide.

[0054] On the other hand, this example further pro-
vides a direct air capture method of carbon dioxide,
including following steps.

(1)an absorption stage: airis blown into an air carbon
capture/regeneration module by a blower. Carbon
dioxide gas in the air is absorbed by the above-
mentioned adsorbent, and the rest of the gas is
directly discharged. After the absorption of the ad-
sorbent is saturated, the blower stops operation, air
is not fed to the air carbon capture/regeneration
module, then the air carbon capture/regeneration
module is vacuumized in a short period of time,
and the air remaining in the air carbon capture/re-
generation module is pumped out to be ready to
enter a regeneration stage.

(2) a desorption and regeneration stage: the air
carbon capture/regeneration module is in a high
vacuum state after a vacuumizing step at the end
of the previous absorption stage. In the high vacuum
state (10-5Pa of pressure), the adsorbent is heated to
105 to 110°C by using a Joule effect of current, so
that the desorption and regeneration of the adsor-
bent is accelerated, and pure carbon dioxide gas is
desorbed and transported to a gas cylinder via a
vacuum pump. The carbon dioxide gas stored in the
gas cylinder may be used for greenhouse gas ferti-
lizers or fuel synthesis.

(3) a cooling stage: after the end of the regeneration
stage, an air inlet valve of the air carbon capture/-
regeneration module is opened, and air enters the
module again, so that the adsorbent is cooled to a
room temperature, and a pressure is restore to an
initial state. A carbon dioxide absorption stage may
be started again, and a new absorption-desorption
and regeneration cycle may be started.

[0055] The adsorbent in this example may achieve a
high absorption load of 3.7mmol/g of carbon dioxide in a
state of normal temperature and one atmospheric pres-
sure, and has a better absorption effect.

[0056] It may be understood that the air carbon cap-
ture/regeneration module in the embodiments of the
present application is an air carbon capture module or
an air carbon regeneration module. By controlling pro-
cess parameters such as temperature and pressure, the
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air carbon capture/regeneration module is an air carbon
capture module in the absorption stage, and the air
carbon capture/regeneration module is an air carbon
regeneration module in the desorption and regeneration
stage.

[0057] It may be seen from the above-mentioned em-
bodiments that, in the present application, the pulverized
coal is mixed with the potassium carbonate solution,
followed by the activation treatment to generate the
porous carbon material. The porous carbon material is
evenly mixed with the carbon nanotubes and the ionic
liquid, followed by the carbonization treatment to obtain
the adsorbent, which is used to absorb carbon dioxide.
The method for preparing the adsorbent is simple and the
adsorbent has a better absorption effect on carbon diox-
ide. In addition, according to the capture method pro-
vided in the present application, the carbon dioxide in the
air is directly captured and absorbed, and the adsorbent
is desorbed and regenerated in the high vacuum state.
The capture method has a simple process, is easy to
operate, has a low cost, does not need excessive regen-
eration energy consumption, and may save energy.
[0058] In the present application, terms "an embodi-
ment," "some embodiments," "an example," "a specific
example," or "some examples," mean that a particular
feature, structure, material, or characteristic described in
connection with the embodiment or example is included
in at least one embodiment or example of the present
application. The schematic expressions of the above-
mentioned terms throughout this specification are not
necessarily referring to the same embodiment or exam-
ple. Moreover, the particular features, structures, materi-
als, or characteristics described may be combined in any
suitable manner in one or more embodiments or exam-
ples. In addition, those skilled in the art may combine the
different embodiments or examples and features of dif-
ferent embodiments or examples described in this spe-
cification without being mutually inconsistent.

[0059] Although the embodiments of the present ap-
plication have been shown and described above, it is to
be understood that the above-mentioned embodiments
are illustrative and cannot be construed as limitations of
the present application, and changes, modifications,
substitutions and variations made to the above-men-
tioned embodiments by those skilled in the art are within
the scope of the present application.

Claims

1. Adirect air capture method of carbon dioxide, com-
prising following steps:

(1) an absorption stage: absorbing and captur-
ing carbon dioxide in air by an adsorbent until itis
saturated,

(2) adesorption and regeneration stage: heating
the adsorbent to 105 to 110°C in a high vacuum

10

15

20

25

30

35

40

45

50

55

state to desorb and regenerate the adsorbent
and release pure carbon dioxide gas; and

(3) a cooling stage: cooling the adsorbent to a
room temperature by using the air, and then
performing a next absorption-desorption and
regeneration cycle;

wherein the adsorbent is prepared by a method
comprising following steps: mixing pulverized coal
with a potassium carbonate solution, followed by an
activation treatment to generate a porous carbon
material; mixing the porous carbon material with
carbon nanotubes and an ionic liquid, followed by
a carbonization treatment to obtain the adsorbent.

The direct air capture method of carbon dioxide of
claim 1, wherein in step (2), the heating is performed
by a Joule effect caused by current.

The direct air capture method of carbon dioxide of
claim 1, wherein in step (2), a pressure in the high
vacuum state is 1.33%x10-1 to 1.33x 106 Pa.

The direct air capture method of carbon dioxide of
claim 1, wherein in step (1), the carbon dioxide in the
air is absorbed by the adsorbent at a temperature of
20 to 30°C and a pressure of 1 to 1.5atm.

The direct air capture method of carbon dioxide of
claim 1, wherein in step (1), a flow rate of the air is
10,000 to 12,000 m3/h.

The direct air capture method of carbon dioxide of
claim 1, wherein in the method for preparing the
adsorbent, a mesh number of the pulverized coal
is 60 to 80 mesh; a mass fraction of the potassium
carbonate solution is 5 to 8 wt.%; a mass ratio of the
pulverized coal to the potassium carbonate solution
is 1:25t0 1:30; a stirring and mixing time is 12 to 24h.

The direct air capture method of carbon dioxide of
claim 1, wherein in the method for preparing the
adsorbent, the activation treatment is performed at
a temperature of 400 to 600°C for an activation time
of 3 to 5h.

The direct air capture method of carbon dioxide of
claim 1, wherein in the method for preparing the
adsorbent, cations in the ionic liquid are one or a
combination of two or more of: quaternary ammo-
nium salt ions, quaternary phosphonium salt ions,
imidazole ions, pyridine ions, pyrrole ions and piper-
idine ions; anions in the ionic liquid are one or a
combination of two or more of: chloride ions, bromide
ions, tetrafluoroborate ions, hexafluorophosphate
ions, chloroaluminate ions and bis(perfluoromethyl-
sulfonyl)imide ions.
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The direct air capture method of carbon dioxide of
claim 1 or 8, wherein in the method for preparing the
adsorbent, a mass ratio of the porous carbon mate-
rial to the carbon nanotubes is (1 to 3): (2 to 8); a
concentration of the ionic liquid is 10 to 15mmol/L; a
mass-volume ratio of the porous carbon material to
the ionic liquid is (6 to 10) g: (100 to 150) ml.

The direct air capture method of carbon dioxide of
claim 1, wherein in the method for preparing the
adsorbent, the carbonization treatment is performed
at a temperature of 400 to 600°C for a carbonization
time of 6 to 12h.

10

15

20

25

30

35

40

45

50

55

14



EP 4 545 168 A1

air
8 after
« 8 t
;,Cap Uure

blower capture/regeneration module

FIG. 1

o gas in
# * ‘ oy oY .
A *:; FRAN RO ;1“:‘: module
ﬂ o' *+% | vacuum state s’ *% %
E:j % ﬁ*‘ wﬁ@ W* | » sl
pe w* 'c‘ ‘:‘%:‘W b oy
‘\ .: * e mww*mm L
s vacuum pump
blower

capture/regeneration module

FIG. 2



EP 4 545 168 A1

,*w,w *“&:**m%%nig{*w:‘*ﬁ ; CarbOﬁ dio{ide
. Mw;?

vacuum
pump

blower | capture/regeneration module

FIG.3

blower capture/regeneration module

FIG. 4

10



10

15

20

25

30

35

40

45

50

55

EP 4 545 168 A1

INTERNATIONAL SEARCH REPORT

International application No.

PCT/CN2023/072896

A. CLASSIFICATION OF SUBJECT MATTER

B01D53/04(2006.01)i;B01J20/20(2006.01)i:B01J20/30(2006.01 )i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

IPC: BO1D, BO1J

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
CNTXT, ENTXT, ENTXTC, VEN, CNKL: “#({UBr, Bk, 25, 5, W, @R, B4, B, A0, PR, 5, BRERE,
BREREL, Z1L, Bk, 2%, BRYPKE, B TR, co2, carbon, dioxide, DAC, direct, air, capture, adsorp+, adsorb+, desorp+, desorb
+, regenerat+, cool, cold, coal, power, ash, k2co3, carbonate, potassium, por+, carbon, nanotube, ionic, liquid

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where

appropriate, of the relevant passages Relevant to claim No.

claims 1-10

PX CN 115155239 A (CHINA HUANENG GROUP CLEANING ENERGY TECHNOLOGY 1-10
RESEARCH INSTITUTE CO., LTD. et al.) 11 October 2022 (2022-10-11)

claims 1-30, and description, paragraph [0143]

Y US 2021187480 Al (CLIMEWORKS AG) 24 June 2021 (2021-06-24) 1-10

(2022-04-05)
description, paragraphs [0003]-[0039]

Y CN 114272892 A (CHINA HUADIAN ENGINEERING CO., LTD. et al.) 05 April 2022 1-10

claims 1-4, and description, paragraphs [0001],

Y JP 2004091760 A (NIPPON STEEL CORP.) 25 March 2004 (2004-03-25) 1-10

[0020], and [0023]

claims 1-9

Y CN 107614090 A (RELIANCE INDUSTRIES LIMITED) 19 January 2018 (2018-01-19) 1-10

(2019-01-15)

claims 1-10, and description, paragraphs [0004]-[0005]

Y CN 109201007 A (TAIYUAN UNIVERSITY OF TECHNOLOGY) 15 January 2019 1-10

Further documents are listed in the continuation of Box C.

See patent family annex.

*  Special categories of cited documents:

document defining the general state of the art which is not considered

to be of particular relevance

document cited by the applicant in the international application

earlier application or patent but published on or after the international

filing date

document which may throw doubts on priority claim(s) or which is

cited to establish the publication date of another citation or other

special reason (as specified)

“0” document referring to an oral disclosure, use, exhibition or other
means

“p> document published prior to the international filing date but later than
the priority date claimed

5 A9 3

«T” later document published after the international filing date or priority
date and not in conflict with the application but cited to understand the
principle or theory underlying the invention

«X” document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive step
when the document is taken alone

«y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

20 March 2023

Date of mailing of the international search report

25 March 2023

Name and mailing address of the [ISA/CN

China National Intellectual Property Administration (ISA/
CN)

China No. 6, Xitucheng Road, Jimengiao, Haidian District,
Beijing 100088

Facsimile No. (86-10)62019451

Authorized officer

Telephone No.

Form PCT/ISA/210 (second sheet) (July 2022)

11




10

15

20

25

30

35

40

45

50

55

EP 4 545 168 A1

INTERNATIONAL SEARCH REPORT International application No.

PCT/CN2023/072896

C. DOCUMENTS CONSIDERED TO BE RELEVANT

description, column 1, lines 40-65, column 5, line 11 to column 6, line 12, and claims 1-15

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y CN 114307535 A (XI'AN THERMAL POWER RESEARCH INSTITUTE CO., LTD.) 12 1-10
April 2022 (2022-04-12)
claims 1-9
Y US 2021387130 A1 (CARBON HOLDINGS INTELLECTUAL PROPERTIES LLC) 16 1-10
December 2021 (2021-12-16)
claims 1-21
Y US 6547854 B1 (US ENERGY) 15 April 2003 (2003-04-15) 1-10

Form PCT/ISA/210 (second sheet) (July 2022)

12




10

15

20

25

30

35

40

45

50

55

EP 4 545 168 A1

INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/CN2023/072896

Patent document

Publication date

Patent family member(s)

Publication date

cited in search report (day/month/year) (day/month/year)
CN 115155239 A 11 October 2022 None
UsS 2021187480 Al 24 June 2021 EP 3706898 Al 16 September 2020
EP 3706898 Bl 18 January 2023
WO 2019092127 Al 16 May 2019
WO 2019092128 Al 16 May 2019
CN 114272892 A 05 April 2022 CN 114272892 B 17 May 2022
JP 2004091760 A 25 March 2004 JP 4002503 B2 07 November 2007
KR 20040007295 A 24 January 2004
KR 100537112 Bl 16 December 2005
CN 107614090 A 19 January 2018 EP 3297747 Al 28 March 2018
EP 3297747 A4 02 January 2019
EP 3297747 Bl 07 October 2020
KR 20180010197 A 30 January 2018
WO 2016185387 Al 24 November 2016
us 2018169574 Al 21 June 2018
us 10376833 B2 13 August 2019
CN 109201007 A 15 January 2019 CN 109201007 B 09 February 2021
CN 114307535 A 12 April 2022 CN 216537693 U 17 May 2022
UsS 2021387130 Al 16 December 2021 WO 2021253010 Al 16 December 2021
AU 2021288330 Al 05 January 2023
UsS 6547854 Bl 15 April 2003 None

Form PCT/ISA/210 (patent family annex) (July 2022)

13




EP 4 545 168 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European

patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

* CN 202210710400 [0001]

14



	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

